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A TUNED AMPLIFIER AND NULL DETECTOR 
WITH ONE-MICROVOLT SENSITIVITY 


The 'rypE I232-A Tiinetl Amplifier 
and Null Detector is a si»nsitive, low- 
iioise, transi<t«)i amplilier, which times 
continuously from 20 cps to 20 kc, with 
additional fixed-tuned frecpiencies of 
50-kc and l(K)-kc. It is intendi'd pri¬ 
marily as a l)ridg(' director hut has 
many other important uses, amonj^ 
them the detection of hif^h-freipiency 
modulated signals (with a crystal di^- 
modulator), approximate wave analysis 
at audio fre<iuencies. and as a pream¬ 
plifier for t ranstlucers. 

The outstanding characteristics of this 
instrument — oiuMiiicrovolt sensitivity, 
low nois(* level, and continuous tuning — 
result from unusual features of circuit 
design. 

CIRCUIT 

Preamplifier 

Of the elements shown in the block 
diagram of Figure 2, the preamplifier is 


one of the most important, ))ecau.se the 
minimum detectable .‘<ignal is determined 
by the preamplifier noi.se l(*vel. The 
type of tran.sistor for the first .stage 
was cho.sen to minimize noi.se, not only 
from low impedance sources .such as 
inductance bridges at low fre(|uencies, 
but also from high impedance .sources 
.such as capacity bridges at low fre- 
{juencies. In the light of .simplified noi.se 
theory*, this means a transistor with a 
low open-circuit noise generator, as 
well as low short-<*ircuit noi.se generator. 
c„. .Vft(*r nois(' diagrams were plottetl 
for many tran.sistors, it was di.scovered 
that the 2NltiOA transistor when oper¬ 
ated at very low collector current, 
had a noise figure of 3 to 5 db at an 
optimum .s<mrce impedance of 50 kilo- 
ohms, which is unn.sually high for a 

K. .SHndt*r>un ami K. (!. Fulks. '*A SimpliHoii \oi9« 
Theory, and itn Aptilioation to tin- I>(>sian of rx>w-Noi}«« 
Aniplifiem.’' IftK Tninutrliona un Audio, .luly>AuKUHt, 

iniu. 
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transistor. Hy use of nc»;ati\T foodbark 
ili(‘ iiifinf impodanco (»f the' prcainplilicT 
is also made 50 kilolims, and the noise 
le\ i‘l as read on I he ontpnl meter i.s 
relatively e(»nstanf and independent of 
the sonree impedance, rids eliminates 
th(* inconviMiience of having the output 
meter ban”; olV scale whem^ver the input 
circuit is optMi circuited, as often hap¬ 
pens with vacuum-tube amplilitTs. In 
addition, any lai^^e dilT(‘r(Mic(‘ IxUwecMi 
the short-circiut and opcai-circuit noise 
levels Would re(|uire increa.sed ran»e on 
the u:ain control, since it is always nece.s- 
sary to operate with tin* nois(‘ l(*vel well 
below full-scale output on llu‘ m(*t<‘r. 

'ho protect th(' input transistor from 
po.ssible damajiie dm* to larjic* overloads 
at the input, it i< prec(*ded by a hunter 
consist in*!; of a series capaj*ilor and two 
shunt silii'on rectifier diodes, dins cir¬ 
cuit elTectively ])revents si”:nals j^reater 
than 1 \ (»lt, peak-lo-peak, from rt‘achinj^ 
lh(‘ input transistor and do(*s not con¬ 
tribute noise or distortion to low-level 
sijrnals. With the ^ain control set for 
1 /iV full scale, it is possible to connect 
the input to a 115-volt ac line without 
tlama»j:e t(> the in])nt transistor. 

Maximum ^ain of tlie preamplifier i.s 
alM)Ul 10 db, which is adeipiato toswamp 
the nois(» of succeeding stages, d'he total 
range of the volume control is 120 db, 
which rcihices the full-scale sc*nsitivity 
to I volt full .‘<cale, and attenuation in 
db is roughly proportional to the rotation 
angle of the gain control. 


Series and Shunt Filters 

After preamplification, the signal 
pa.<ses through a .s(‘t of .series and shunt 
filters, which are d(‘signed to reject 
fre(iu(*in‘ies above and below tlie .selected 
tuning range. For e.xample, on the 2(M)- 
cps-to-2-kc tuning rang(N a .siTiescapaci¬ 
tor rejects all frecpiencies below 200 cps. 
while a shunt capacitor rejects all fre- 
()uencies above 2 kc. On all switcli posi¬ 
tions exeept flat and 20-200 cps, an¬ 
other rejection lilter reduces tlie response 
at 00 (‘ps to greater than (»0 db below* 
peak respon.se. 

Frequency-Selective Amplifier 

d'his amplifier consists of three stages 
with negative feedback through a null 
network, w hich has its null at thed('sin‘<l 
operating fre(|uency. Sinee tluax* is 
n<'gativ(‘ feedbaOv at all fre(juencic“< but 
the desired oikl the over-all re.spon.se 
peaks at this freiiuency and is roughly 
equivalent to that of a tuned circuit with 
a of about 20 (5^ ^ liandwidth). 'fin* 
uniepu* feature of this null network is its 
one-pot tuning'-. Many null networks 
r(‘(|uire three variable elements, either 
ganged capacitors or ganged potentiom¬ 
eters. 'riiis leads to many problems in 
alignment and tracking the three ele¬ 
ments to maintain a good null. I'ln* Hall 
null network'has a pei*i‘(‘(*t null in tlu‘ory 
for any position of the tuning potentiom¬ 
eter. and it is po.ssible to cover a 10:1 

aionrv e. IlttU, iUE TmMucuUtmn on Cirnn't Throrff. 

IVI.V). \»il. C.*T-2. No. H. p 'Js;!. .S«.h‘ ul.-io tlio 
articiv on pa«o n of This wmu*. 



OUTPUT 


Figure 2. Block schematic of the null detector. 
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Figure 3. Typical filler characteristics. 


Uininii^ range with a lO-db exponential 
potentiometer, 'riming capaeitors are 
switeheil to change ranges, \\hi< h ha.s the 
advantage of maintaining the iinpiHlanec 
level of the mill network approximately 
constant for the thnn? tuning ranges. 

Since the r>()-kc and HMi-ke null net¬ 
works art‘ not recpiiriMl to In? tunable, 
conventional twin-T null networks are 
used. 

On the FU\T position of the range 
switch, all filter.< are switched out and 
the fn*(iuency response is flat to within 
db from 20 cps to UK) kc. 'I'he over¬ 
all gain of the amplilier is reduced by 20 
db to ktvp the noise level on the output 
meter eipial to alxait 10^,si’ale 
at maximum gain. 

Amplifier-Compressor 

riie g;iin of the frHpiency selective 
arnplirn’r is about 10 db, and another 40 
db of gain i.s .suppli(*d by the amplitier- 
comt)re.ssor, making tla* total gain of the 
amplilier about 120(11). Willi the mkteu 
switch .set to the i.i.niuk position, the 
amplitiiT-compressor functions as a lin¬ 
ear amplilier, driving the nuMer rectifier 
circuit a.s well as supplying tla*output 
terminals with about 1.1 volts for full- 
.scale deflection of thi* nmter. The dc su|)- 
plied to the bust tran.^^istor is sulhcient to 
drive the. output meter to full scale, but 
very little more, so that it is impo.<.sit)le 


to damage the meter by overdriving the 
amplilier. For null detector use*, the 
meter switch i.s thrown to ua; and the 
upper part of the meter scale is com- 
|>re.s.s(?d. Two pairs of silicon diiules are 
switched in .^hunt with the collector rt‘- 
si.stors of two transi.«^tors to provide a 
nonlinear collector impedance. Due to 
(he voltage olTset of the silicon diode's, 
the bottom 20^’? of the meter scale is 
virtually unalTected. A signal level cor¬ 
responding to KH)^, defl(‘ction for linear 
re.spon.se will drop to 50% for logarith¬ 
mic re.sponse. .Vn inciva.se of 20 db 
incr(*ases the reading to 80^ (. and 
another 20 db rais(\s the reading to 
lOO^'y. Thu.s the dynamic range of the 
iiKstrunu'iit for logarithmic opt*ratioii is 
alMiut 40 dl) greater than it is for linear, 
although th(' minimum deUvtable signal 
is the .same. 

Meter Circuit 

The meter circuit u.ses a full-wave 
rectilier in order to double the ripple 
fnMjuency that passt's through the meter 
and thus to prevent the needle from 
vibrating visibly at 20^cps. H(*sistors 
an? u.stHi in place of two of the ivclitiers 
in the conventional full-wave bridgt* in 
order to liiii'arize tlie relation l»etween 
meter indication and .signal level, and 
to minimizi? distortion. \o dc amplifi¬ 
cation was incorporated into the meter 
circuit, so that there is no ntssl for a 
dc zero a*ljustfnent on the front panel 
and no t)o.s.sibility of dc zero instability, 
lligh-impedamv, crystal-type earphoni’s 
can beconnect(‘d to the output terminal.s. 

External Filter 

lAternal lilt(?rs can be connected at 
the EXT FiLTEH jack. When a teh'tihone 
plug is itisertisl in this jack, the built-in 
shunt filtt'r is di.sconnect(‘d. riie external 
filter may be either a series t uned circuit 
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to trap out ail undcsircd frcH|Ufii(*y, or an 
antirosoimiit pandlel tuned cireuit to 
enhance tlic selectivity at the desinnl 
frequency. For thejiurjxi.'^? of calculating 
the Q of the e.xternal filter, the wiurce 
impc.'dance is alM)ut 700 ohms. Since the 
external filter i.s plugged into the circuit 
at a point beyond the G0-<‘ycle reject ion 
filter and where there is SO db gjiin to 
the meter circuit, it is important that the 
external filter l>e shieldtMl and preferably 
that it use a toroidal inductor for 
minimum siaisitivity to hum pickup. 

USES 

The high st'nsitivity, low noi.se level, 
and ctmtiiiuoiis-tuning features of this 
instrument foster a wide variety of uses. 

Figures 3, 4, 5. and (».show the .sele<*- 
tivity, rcspons<! and noise characteristics 
as functions of frwiuency. 

Bridge Balancing 

The above combination of features 
makes possible extremely priMuse bridge 
settings, even with very low-power gen¬ 
erators, at any frecjuency in tlu' audio 
range. Provision for logarithmic re- 
sp<in.'ie make.s adjustment.s of generator 
level unncM*c*ssiiry. The new (Jeiieral 
Radio meter cu.se, with open, easily 
read wale, further facilitates the bridge 
balance. 

With the Type 1032-.\ Inductance 
Bridge*, this null detector makes jio.^^sible 


inductance balances to a resolution of 1 
part in 10*. An e({uivalent precision for 
trapacitance balan<‘e (ran be obtainc*d with 
the Type 7lt»-C Capacitance Bridge. 

Detector-Demodulator 

For the detection of modulated high- 
frefiuen(*y .signals, tin* Type l232-.\ 
Amplifier and Null Deteertor can be 
usihI with the 'fYPE S74-\'(i Volt met er- 
Dectector. S(*n.sitivity is approximately 
200 mV full scale up to about 2000 Me. 

Amplifier or Preamplifier 

The high s<Mi.sitivity of this in.stni- 
nuMit permits its u.s(! as a i)reamplirier 
for transducer outputs or o.scillo.scope 
in|)uf. .\s a geiuTaI-purpose laboratory 
amplifier, it olTers both selective and 
flat chanicteri.stic.s. 

Audio Spectrum Analysis 

The tuiKHl amplifier can l>e u.setl jus an 
audicKfre<|uency wave analyzer with a ^ 
.wn.sitivity of one microvolt and a band¬ 
width of alxuit For ai)proximate 
measurements, the gain can be a.s.sumed 
to be constant with fretjuency, but exc(.4- 
lent a(rcuracy can be obtained if the 
amplifier is first calibrat(*d with a con¬ 
stant-amplitude, variabl(>-fref|uency sig¬ 
nal. 

»Sincc the ninge of the db scale on 
the output meter is limited to 10 db, a 
calibnilcnl attenuator is iieccs.s:iry for 
greater range.s. With the Type 54(i-C 




Figur* 4 . T»«t limits for both voltage and 
cvrronf as functions of frequency. 


Figure 5. Typicol noise levels as a 
function of frequency. 
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Figure 6. Ty)>ical 
variation in peak 
rotponto with fro- 
quoncy for constant 
gain-control sotting. 



Micnivoltfr, tho input to the jiinplifier 
can Ite in known steps to cover 

a nieiisun*nient range of 120 dh. 

The author hiLs also found this ampli¬ 
fier with a microphone and a pair of 
enrphoiKis, a valuable aid in tuning 
hi.s piano. — A. K. S.wiiKitHo.v 


CREDITS 

The development of tlie Type 121^2-A Tuned 
Amplifier and Null IVlwMor wm* rarried out 
by All>ert IC. SninlerHon, author of the fort'- 
going article. The (h'sign of tho tuned null 
network wtis contributtHi by llenrj’^ P. Hall, 
author of the article atarting on page 8. The 
project waa under the diren-tion of U. A. 
iSoderman. - - Editor 


SPECIFICATIONS 


Frequency Response: 

Tunable Filters: 20 cps to 20 kc in 3 ranges; 
G% b:indwidth; 2nd luirmonie at hnist 31 db 
down from peak, 3rd at least 40 db dow'ii; re¬ 
jection filter on two highest raiigtw reduces 
OtWyelo level to at least fiO db l>elow peak. 
FrtM|Ucncy dial accuracy is zkZ* i. 

SO kc and 100-kc Fillers: 2nd harmonic at least 
60 db down. 

Flot Response: ±3 db 20 cps to 100 kc. 
Sensitivity: One microvolt, full s<*ale, «)r better, 
over inoHl of the frcHiuency range. *StM! Figure 1 
for test limits. 

Noise Level: Independent of source iin|KMianc(?; 
see Figure .5. 

Input Impedonce: .\pproximately 50 kilohms to 
one megohm, de{>ending on gain-control .s<*tting. 
Mox Input Voltage: 200 volts ac or 400 Volts dc, 
without damage. 

Gain: 120 db Oil ihc tunable niiiges; 100 db, 
flat range; 106 db at 50 kc; 100 db at l(X) kc 
ftosition. 


Output: 1 volt into 10,000 ohms. Internal imfje- 
dance is 3000 ohms. 

Meter Linearity: Db difTerenci*s on scale are ac¬ 
curate to for inputs of less than 0.3 volt. 

External Filter: Soun*e im}>(H!ancc, 700 ohms. 
Compression: UtNltices full-sc*ale .sensitivity by 
40 db. Docs not afTc<.’t liottom 20' ^, of scafe. 

Distortion: (In flat position) less than 5 %, 
jiractically all attributable to the meter recti¬ 
fiers. 

Power Supply: 12 volts dc, from 9 men’ur>’ 
(.\172) ccll.'i in serii's. Kstimateil battery life i.s 
1500 hours. C’ost is alamt 0.4 cent per hour. 

Transistor Complement: Six 2X169.A, two 
2M395. 

Accessories Supplied: Type 874-H34 Patch Cord. 

Dimensions: Width 8. height 6, depth 7*2 inches 
(205 by 150 by 190 inru) over-all. 

Net Weight: 5*4 pounds (2.6 kg). 


_ _ (Wc ll’ord Pnrr 


1737.A 

Tuned Ampiiflor ond Null Dotoctor 

1 VOI'AI. 

$360.00 

480.P308 

Relay-Rock Panel Extensions (Pair) 

F.XPANELlMin 

7.00 Pair 


U.8 I'alfiiU 2MS,457 uiid 1)187.740. 


VACATION CLOSING 


nuritig tho weeks of July 24 ami 31. 
uur Maiiufacturiug Departmeuti will be 
closed fur vacation. 

"rherc will l)c bu.sines.s a.s usual in the 
Sales Knginet‘ring and C'ommereial De¬ 
partments. In(|iiiries, including re«|ue.sts 
fur leelmical and cummercial informa¬ 


tion, will receive oiir usual itrtimpt at- 
teutiou. Our Service Department re- 
que.sts that, because of al).seiiec.s in the 
manufacturing and repair groups, ship¬ 
ments of ef|uipment tt) Ite repaired at our 
plant be .sehcHliiItHl to reach us after the 
vaeation period. 
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SINGLE-COMPONENT-CONTROLLED 
RC NULL CIRCUITS 


'riio mill circuit used in the Type 
l232-.\ Tuncil Amplifier and Null De¬ 
tector is one of several \iC networks that 
use only one variable (component to 
adjust the freijiiency of the null. These 
circuits have the advantage of avoiding 
the use of ganged, variable components 
which must track closely to maintain 
stability when used in highly s<‘lective 
f(!edback amplifiers. 

The only single-control-element RC 
null circuits known for many years were 
those discovered by 8acerdote‘ shown 
in Figures I and 2. These four-terminal 
bridge networks give a true null at a 
frequency w© wntl have tuning laws of: 


I /a -1 
“"-/fcV a 


and cmj= 


A^CVl-a’ 


spectively, where a is the normalized 
value of the variable component. The.‘<e 
fund ions do not give as wide a frecpiency 
change for a given change in a as do the 
Wien bridge and the twin-T with gangcnl 

comprinenta, for which The first 

a 


bridge is particularly interesting, how¬ 
ever, because? it gives a zero-freepieiicy 
null u.sing components of finite value. 

(’lotliier* and Doyle* showed that the 
“duals" of the.se circuits, Figures 3 and 
4, also null and have the siime frequency 
charaeteristic.s. These arc not duals in 
the usual sense, but are topological 
duals with R's and C’s interchanged 
Each pair of dual circuits has the same 
tuning law, and the two other circuits, 

‘Samnlutr, Alta Frequenta, Aujciut 1934, p. 437. 

‘Clothier. W. K.. I HIS Trunmuiiant on Cirevit Theory. 
5tardt 1055, p 07. 

*novte, K. I).. Sec ilttcuc. AC Bridgf StHkotU, 5Ui 
Edition, pace Oil. « 


formed by interchanging R’s and C’s in 
the original two, have a tuning law 
obtained from that of the first two by 

substitution of —^— for a. Similar sets 
1 — a 

of four circuits can be formed from the 
circuits of Figures 5 and 0. These cir¬ 
cuits have the siime tuning laws. 

These frequency bridges all have three 
complex bridge arms. A simpler arrange¬ 
ment for use in feedback circuits is to 
have two arms of the bridge consist of a 
fixed voltage divider. The other two 
arms of the bridge are formed by a 
three-terminal network who.se output 
voltage is ecjual to that of the divider 
at some frcfpiency, as in the familiar 



FlGURe t 



riCURE 2 




FIGURE 3 


FIGURE 4 



FIGURE 3 FIGURE 6 
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O' i o- 

selective network 

FIGURE 7 


\N it'll hridgo^*^ wliifli is shown in Figiiro 
7. Wignn^^ prostMits singltM-ontrol circuits 
of this type, iiiid his siinjilost circuit is 
shown in h'ignrc S. This one has a very 
narrow timing range, hut. hy making it 
slightly more coniplicateti, lie tierives a 
circuit that has a fretjueiicy niiige from a 
tixeii value to iiilinity. The circuit of 
I'iguretl is related to Wigan’s circuit hy a 
V-Ji transformation of ihi* resi.stors hut 
r(*(|uires a potentiometiM' for obtaining a 
variahle-frefjuency null. It has a tuning 

law of wn = - ,—- ■ ■ — , and 

l\(' -f* 

there is a dual of this circuit using a 
^ dilTeriMitial capacitor. 

new network, shown in Figure 10 
(with its derivative networks in Figuix's 
II. 12, and 13), has the interesting 

* 1 
tuning law, uyo = 777r\/- , which 

/i( \ a 

theoretically halances for any fre(|ueiicy 
from 0 to X as « is varied from I to 0. 
'This suggests its u.<e in a wide-range 
osc'illator or Iuih'lI amplifier. Also, for 
a 10-to-l freiiuency range, it gives a 
fresiliency .^ ah* very close* to the usually 
di'siriHl logarithmic scale. 

.\nother class of network, which often 
is still easier to usi* in selective circuits 

•Wirn. .M., IIW. Attn.. ISlU. 41. IVS9. 

•rVlil. U- F.. " \ llnilin*-T.V|K’ l*n**|in»nry 
iiturrut HtitUtt . II. 11. XiiV«*iiilH»r lUill. 

lean, F. IC.. EUtimnu Tn hnnhtt/y, Juno. IIN‘4). p. 223. 

'' . Ttuilc. ’‘Ilriaeitl-T uiul Cnnillrl-T Null C’imiile 
for Ml ttailio KrtHjnnirHr!,*’. /Vn, //fE, 

Jiiiiuun. 1U4(I. 

* \inlrp>f*v, TrlrroiHMtuhirnfinnn No. 2. ItMK), |i. 105 
l’i>rtuuuun IVr-v’. Tniti^liiiioiii. 

•lIuU. II. I*.. / ffE TnuiAitition* o$t ('irruti Tftrttru. Spploin* 
Imt IO.VT. p 2S3. 



0(R 

KR 


li-«»R 

: c > 



FIGURE 10 FIGURE II 



C 

1/ 



It 

... - \i^ 


o— 

C -|^ K 

^UKIR 
——O 


figure 12 


(•♦KIC R 



FIGURE i3 


C 

c 

d- 


* )\ 

;2C 


<l»KHl*2K> j^ 




~7I— 

R 

^1— 


con.sists of threi'-termiiial U(^ circuits 
that give a complete null without heiiig 
halaiiced against a voltage dividia*. The 
twiii-'F is the most fainiliar of this group 
hut is only one of iimumer.Mhk* po.ssihle 
networks. .ViKlreyev** discov(*red a \'aria- 
tion on the twin-T (Figure 1 I) that gives 
fre(|U(‘Ucv ailjustment with a single 
potiMitiometer. 'Flie tuning law for this 

circuit is wo -- - -- . 'Fhe only 

ur\ 1 - 

other known circuit.s of this type are 
the one used in the* 'rvei-: I232-.V 'rimed 
Amplifier and Null I)(‘tec(or and its 
dual*-*. This circuit, .shown in Figure lo, 

has a tuning law of wo =-, * — 

I^C \ a( I — a). 

In order to sjiaii a KMo-l logarithmic 
fr(*<|uency range, the potent iometta- 
must have an exponential characteristic 
of over KKhto-l. 
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For all till? fircuits (lisciisstnl liero, 
the sdecfivity of the tmiisfer V(»ltiige 
ratio. ICi, is not eonstiint as the 
inill fr<*(|uency is adjustcHi. This nmiiis 
that a conventional selectivo amplifier 
usiiij^ this rhanieteristie will not have 
eonstaiit selectivity over its range. How¬ 
ever, for the cinaiit used in the Typk 
1232-A Tuned Amplifier and Xull Detec¬ 
tor, the si‘le<'tivity of the traii.sfer 
admit lance, Jo/Etm (or y.,^)y is (juite con¬ 


stant as the null fr(»f|uency is changed. 
In order to use this chann*teristic, the 
network must !>e driven by and loaded 
by low impeilances. Therefore, it is used 
in a feedback circuit witli an amplifier 
having low input and output imped¬ 
ances and a transfer r(*sistance, Eo/Iint 
(or a real Z^.,) that is chosen to giv^e the 
desired selectivity. 'Fhis combination 
provides a second harmonic rejection of 
34 db over each HMo-l frecpiency nuige. 

— 11. P. Hall 


THE NEW TYPE W30 VARIAC 
AUTOTRANSFORMERS 



For some time we have felt that the 
g:ip l)etw(*en the 20-amj>err*, 'fYi'K W2(), 
and the 50-amiK*re. Typk W5(), N'ariae" 
Autotransfonners wa.s t(K>great. Theu.ser 
caintemplating the control of loads in the 
3(Vamy)ere region was given no alterna¬ 
tive but to usi' either a 50-amperc unit or 
two 20-am]H‘rc units in parallel. Both of 
these methods being costly and in¬ 
efficient, we have developed the new 
30-ampere mod<‘ls. Typks \\’3() and 
\V30II. 'rheir high-|>ower nitings <‘on- 
veniently bridge the gap between those 
of the Typt^^ W2() and \V.50 models. 
Sharing the family resemblance com¬ 
mon to all Scries-W unit.s, the Typk \V30 


humJcIs incorymrate the f|uality com- 
ymnents and proven dc'sign features now 
included in all (iciK'nil Radio Variac 
autotransfonners. These' features include 
an overvoltage coniKM'tion, to pronde 
an output voltage range from zero to 
17% alM)ve line voltage, and the pat¬ 
ented Dt’HATHAK coatiiig |)ro(!es.s, for 
longer brush-track life. 

Type W3f) motJi'Is are available in 
oyx'n, ca.st'd, ganged, and motor-driven 
a.sstMiiblies. with or without ball bearings. 

The ratings for the Typfis \V3() and 
W3()H singk'-unit nuMlels are given in 
the tal)le l>elow. (’<»my)h*te dc'seriptions 
unci ratings for the Type \V3() ganged 
assemblies may be found in the cun*ent 
(leiieral Radio catalog. 



SMI« H»lt« }-|fi On 
aooo Boit c»c»e For 

UOMI l>a 


jCXi. 


C«M« kM«< 


«o*' ^ ao* M 

■* ' OM P»«»* 


• 91 0rM> C. 


' J 

B - 

BI - 4 Wi« rmm. Cmmmti 

yOMBc«MiQnC«M < 

T CJM Otai 
|0« Stall 
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SPECIFICATIONS 


Cor* lot* ol 60 cycl*t: wattA, all mO(ic*lH. 

Driving Torqw*: 50-100 ounrc-inchc8, all models. 
Turns on Winding: 

\v:w ami W30M 184 
Typks W3011 and W30HM 307 

Angl* of Rotation: 320^. 


DC Resistance of Winding: 

TYPt:s \v:i0 and \V30M 0.14 ohm. 

Types \V3011 and \V30HM 1,17 ohms. 

Dial: Ueversihle dial, lifK*-voltan(* scale on one 
side, overvoltage s<‘ale on reverse side; cali¬ 
brated for ratwl input voltage applied. 


Type 

I 

II i 

OUTPUT 

Linr^ Voltaffr Con ncrlion 

Orrri'oUaijv 

Connection 

C 

il 

w 

>> J 

Code 

Word 

Price 

"v! ^ 

* * -C V 

5s* 

V 

Ill 

ilh 

21 

1 

W30 

120 

4.32 

0-l‘20 

30 

30 

0-140 

30 

vTrr^i3 

30 


$75.00 

(t 








$4.00 




W30M 

120 

3.81 

0-120 

28 

32 

0-140 

28 

VBT-13 

40 

KALER 

97.00 

(CiwmI) 








$4.00 




W30H 

240 

3.74 

0-240 

12 

15.0 

0-280 

12 

VBT-14 

29 

/.AbAL 

75.00 

(Fnciuscd) 

120 

— 

— 

— 


0-280 

0 

$1.00 




W30HM 

240 

3.74 

0-240 

12 

15.r» 

0-280 

12 

VBT-14 

30 

ZAHER 

97.00 

((’mM‘d) 

120 

— 

— 

— 


0-280 

0 

$4.IK) 





A. Nfasiliiuin ntnrnt ran br drawn at inaxiinuiii voltajtr fur tiir Hm^vultaitr ronnrrtion only. Kva ai* listed » noniinl 
input line vultace times maximum current. 

U. Hated current slmuld not be excee«leil for tiie uvervultaite connection. Chitimt kva for overvoitaae cunnfH'tion 
« output voltaee times rated rurrmt. 


GENERAL RADIO DEMONSTRATES 
TRAVELING EXHIBIT AT PARIS SEMINAR 

At the smind biennuil GoiuTal Hadio resentativ€\s for France and the French 
overseas sides and engineering .seminar, colonies, the semintir included both 
i\ new traveling 
exhibit of (len- 
t»rjd Ibidio prod¬ 
ucts wa.s demon- 
si rat (hI to more 
tlian 40 engi- 
ne<»rs juid export 
sides reprt\'<cnta- 
tives from 16 
conn tries. 

Held in Pari.s 
at I lie offices and 
laboratory of 
Ktablissemcnts 
Hadiophon.Clen- 
erul Radio rej)- 

The Generol Radio traveling exhibit is demonstrated to export soles representatives by Peter J. Mocolko, 

of General Radio Company. 
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Iccliiros 1111(1 lalMinitory wnrk.sliops to 
accniaiiit the rcpr(*s(*iitativi»s with new 
CiU proiliiets and their applications. 

The traveling; exhibit will Im* handled 
by (leiuM’al Radio’s new tcThniiad and 
eoininereial origanizat ion. (nMieral Radio 
Company t)vers**as, with heathpiarters 
at Zurich. The e\hi))it is hoii.*<cd in a 
specially e(|iiippecl Mercetles Renz sta¬ 
tion wajjon. 'fhe instniinents an* 
inoinitiMl on ten cnstoin-biiili tabh‘s, 
wliich stow .snugly into the wagon for 
transportation, but aiv (piickly and 
easily removed and set up in ('ustoiners’ 
plants or other hMuitions. 'riii.s in¬ 
geniously desigiusl traveling show will 
house over KM) instruinent.s, as much 
(M)uipmrnt as (‘an Im* shown in a standard 
U)-f(H)t display ImhuIi at a conventional 
exhibit, 'fhe over-all d(*sign follows the 
general pattern of the station-wagon 
shows that have been u.sed hucces.sfully 



Inferior of tho tfolion wogon, showing Iho tables 
securely installed for tronsporting. 


by (JtauM’al Radio for .scweral yc'ars in 
the rniled Statics. 



Left to 1 tight: 

M. (’. ll.iltjc 

(icncnil Itaclio 

(t. Hiiu'tti 

P. van (lent 

Italv 

Holland 

Paul Fnbricaat 


P. (’ornci 

I’VaiH’c 

I). IV Siurlair (mu*) 

(itaicral Itatlio 

Iv. Tcir 

l''inlaiul 

•Mile, duiidc Naichuulcr 

Fnuirf 

L. < MH*tl 

Fniiifc 

A. li«‘rgliolti 

Swwleii 

K. I.inil<aiinaiin (ri’arl 

Suit/A*rland 

K. .\n*licr 

Fnglaiid 

It. IWI 

IV'lgiiini 

T. T. Josrpli 

India 

It. (’liristoiHou 

iKMiinark 

.\. 1’. Tliii'f<Hi*n 

(iiMH'ral Itatlio 

.V. It. Kuys 

Holland 

If. (’. Pnrisli 

Australia 

K. L. .Nyiuaii 

l'’inlaiid 

b. Kohii 

Fruiii’c 

byons 

Fnglaiid 

r. (’IciuciiU 

Sweclon 

P. Nyman 

Finland 

.M. licrliii 

Fninn* 

II. .\. .Molitiari 

S\\i|y.L*rlaml 

C*. IC. \Vorlln‘M ^rtiir) 

< irncnil Itadio 

J.-b. ItoluTl 

Fra lire 

11. .X.ngakiirii 

Japan 

P. .1. .Ma(‘al)ca 

(iriH‘ral Itadiii 

It. Dauxiger 

Israel 

.\ls<» pnsicnl, but not in 

pirlurc. wens: 

I. (I. luiMtoii (n.*ar) 

(tiMicral Itatiui 

1. .Mvrwlh 

Nor^vay 

CV Ik'lotti 

Italy 

Ij. Ixlip 

Holland 

.\. Sam* 

Sfuiin 

T. Konny 

Israrl 

(I. M<»lnr (n*ar) 

(I. Nusslciii 

Frziiice 

K. KanivaiiiiLs 

( insii* 

(lormany 

J. Kcll.-r 

Switzerland 


General Radio Company 
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